Although fullerenes are well known as electrophiles due to the low-lying LUMO orbitals, 1 they can also behave as nucleophiles in some chemical modifications such as epoxidation 2 with mchloroperbenzoic acid (mCPBA). The fullerene epoxides are useful reactive intermediates in the synthesis of regioselective bis-adducts 3 and fullerene dimer. 4 However, the control of reaction conditions to selectively give monoepoxide has been a challenging task because of the presence of a number of reactive [6, 6] bonds in spherical fullerenes. In fact, the reaction of C60 with mCPBA gives a mixture of monoepoxide and various multiepoxides, from which it is difficult to separate each of them. We are interested in the reactivity of [5, 6] open fulleroid 5,6 1 with highly-twisted bridgehead double bonds 7 as a useful synthetic entity to develop a new regioselective synthetic methodology in fullerene chemistry. Fulleroids are known as homofullerenes still retaining 60-electron system and to exhibit the regioselective Zn(Cu) catalyzed hydrogenation 8 and photooxygenation with singlet oxygen 9 at the bridgehead olefin.
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In our recent study on the comparative reactivity of the [5, 6] open fulleroids vs C60, we have found the noticeably enhanced reactivity of the fulleroids at the bridgehead double bonds in Diels-Alder reaction with some flexible 1,3-dienes.
10 It was also expected that the higher -orbital misalignment angle  11 (~30º), 8, 10 as compared to the usual anti-Bredt olefins (10~20º, vide infra), would result in a dramatic change in the reactivity mode. These situations prompted us to investigate the mCPBA oxidation of fulleroids with the aim of bringing about the regioselective epoxidation. In this paper, we would like to report the unprecedented electrophilic addition of mCPBA to the antiBredt olefin of the fulleroid 1 as shown in Scheme 1 and discuss the mechanistic feature on the basis of the B3LYP/6-31G(d) calculation.
Scheme 1 Electrophilic addition of mCPBA to fulleroid
Methano-bridged fulleroid 1 was prepared by the literature methods.
10,12 The oxidation of 1 with mCPBA (10 equiv.) at 30 ºC gave several oxidized products, as seen in the HPLC chart of the reaction mixture ( Figure 1a The portion of 1:1 adduct was successfully fractionated by silica gel column chromatography (15.4 mg; 15% isolated yield). 13, 14 The purity was verified by HPLC ( Figure S1 ). The isolated product showed the characteristic IR absorption at 1727 cm -1 assignable to the benzoate ester group. Unfortunately, this fraction was still the regioisomeric mixture (major/minor = 3) of 1:1 adducts 2a/2b by 1 H NMR spectrum (Figure 2 ). Although an attempt to separate and assign these region-isomers was failed, we tentatively assign 2a to the major isomer according to the calculation (vide infra). However, the 1,2-addition at the bridgehead double bond was undoubtedly evidenced by the following facts. (1) The significant down-field shift (1.6-2.3 ppm) of the methano-bridged H(b) was found for the major ( =
12d These shifts were clearly explained by the reduction of the shielding effects of underlying hexagonal triene ring by 1,2-addition of mCPBA. (2) The 2D HMBC correlation is observed ( Figure S3 ) between each of the bridged H(a)/H(b) and the OH or m-chlorobenzoate (mCB)-substituted remote sp 3 -carbon (C, red circle). (3) The existence of NOE interaction between the hydroxy proton H(g) and the magnetically isolated o-proton H(f) would support the formation of 1,2-adducts ( Figure S4 ). However, there is no NOE enhancement between the bridged CH2 and any proton of the mCB group, indicating the less congested outward orientation of mCB moiety. This electrophilic esterification of fulleroid by mCPBA is unprecedented and markedly contrast to the usual epoxidation of C60 as well as the common olefins. 15 It is likely that the highly twisted double bond of 1 plays a crucial role in the present 1,2-addition of mCPBA. Then, we calculated its transition state (TS) and intrinsic reaction coordinate (IRC) with B3LYP/6-31G(d) level (Figure 3 ) in order to gain a mechanistic insight into the mCPBA oxidation of 1. 16 The results showed the asymmetric transition state TS-1 (Figure 3a ) in which the relevant OH group is located more closer to the bridgehead C than to the adjacent C carbon and then leads to the ionic intermediate 1aOH + (Figure  3b) . 17 On the other hand, the asymmetric approach of mCPBA to the C carbon would generate the energetically higher transition state TS-2 and provide the less stable intermediate 1bOH + (Figure 3c,d) , 17 in conformity with the minor 2b. Although the energy difference (3.8 kcal/mol) between TS-1 and TS-2 is larger than the value deduced from the experimental product ratio (3:1), this may be ascribed to the several reasons. 18 The appreciable difference in HOMO orbital coefficients of the anti-Bredt double bond moiety is also likely responsible for such an asymmetric electrophilic attack ( Figure S6 ). These two pathways can be terminologically categorized as bimolecular electrophilic addition (AdE2). To verify whether the present calculations are reasonable, we have compared our results with those of the previously reported mCPBA oxidation of olefins. [19] [20] [21] Though the reported studies have mainly concerned the simple and less twisted alkenes, two reaction pathways have been proposed; one is the generally accepted concerted process via a butterfly-like symmetrical transition state (route (a) in Scheme 2) 19 and another is the stepwise process via asymmetric transition state and the ionic intermediate, 20 similar to the present calculation (route (b) in Scheme 2). While the higher level calculations 19a and the detailed investigation of isotope effect 15a,21 supported the concerted mechanism, our results indicated that twisted olefin prefers the route (b), 22 probably because the highly twisted -orbital could not perform the symmetrical orbital interaction with mCPBA as in route (a) . The generated intermediate 1aOH + undergoes the addition of m-chlorobenzoate (mCB -), rather than the ringclosure to epoxide. Indeed, the intervention of such intermediate was proved by formation of the crossover p-methyl benzoate adduct (m/z = 886) when p-toluic acid coexists (route (c) in Scheme 2 and Figure S7 ).
Scheme 2 Comparative reaction pathways; (a) concerted epoxidation vs (b) stepwise electrophilic addition.
One question is raised why mCPBA oxidation of several antiBredt olefins 23 exclusively gave the epoxides. The -orbital misalignment angle  (15.7º for bicyclo [3.3 .l]non-l-ene, calculated by B3LYP/6-31G*) is considerably smaller than those of the fulleroids (>30º). 8, 10 The calculation for the bicyclic compound provided rather symmetrical TS ( Figure S8 ) in accord with the actual epoxidation, implying that even anti-Bredt olefins allow the symmetric TS via route (a), when  is not so large.
In conclusion, we have found that the methano-bridged [5, 6] open fulleroid 1 underwent the stepwise bimolecular electrophilic addition (AdE2) of mCPBA at the twisted bridgehead double bond to afford the regioisomeric mixture of -hydroxyfullerenyl m-chlorobenzoates. This unusual addition was rationalized by the larger torsional angle of double bond ( ~ 30°), which would inhibit the symmetric TS (so-called butterfly TS) generally argued for the concerted epoxidation of olefins.
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